INTRODUCTION
Decommissioning of a retired Training, Research, Isotope production, General Atomics (TRIGA) research reactor facility has been performed for the reuse of the decommissioned site. The residents adjacent to the decommissioned site should be safe from radiation exposure. Radionuclides around the decommissioned site were first distributed on the site surface, and then later moved from the surface to the groundwater table. Finally, radionuclides around the decommissioned site have been found mostly to be located in the unsaturated zone. Therefore, it is necessary to develop a technology for interpreting radionuclide-migration in an unsaturated zone to secure the radiation safety of the decommissioned site.
The Multimedia Environmental Pollutant Assessment System (MEPAS) [1] is a physics-based environmental analysis code that integrates source-term, transport, and exposure models for endpoints such as concentration, dose, or risk. Developed by the Pacific Northwest National Laboratory, MEPAS was designed for site-specific assessments using readily available information. Endpoints are computed for chemical and radioactive pollutants. The Multimedia Contaminant Fate, Transport, and Exposure Model (MMSOILS) [2] was used to estimate the human exposure and health risk associated with releases of contamination from hazardous waste sites. The methodology consists of a multimedia model that addresses the transport of a chemical in groundwater and surface water, the soil erosion, the atmosphere, and the accumulation in the food chain. The RESidual RADioactive (RESRAD) family of computer codes [3] was developed by Environmental Science Division (EVS) to provide useful tools for evaluating human health risk at sites contaminated with radioactive residues. The RESRAD methodology was cited in a Department of Energy (DOE) order for dose assessment and determination of guidelines for clean-up of radiologically contaminated sites. The potential effect of rainfall and evapotranspiration on contaminant migration in the unsaturated soil zone was studied using a deterministic dynamic modeling approach at the University of California [4] .
Recently, researchers at the University of Tubingen, Germany, investigated the transport of fate of reactive compounds in the unsaturated vadose zone using numerical simulation of steady-state and transient flow scenarios [5] . Also, researchers at the University of Liege, Belgium, A One-Dimensional Water Flow and Contaminant Transport in Unsaturated Zone (FTUNS) code has been developed in order to interpret radionuclide migration in an unsaturated zone. The pore-size distribution index (n) and the inverse of the air-entry value (α) for an unsaturated zone were measured by KS M ISO 11275 method. The hydraulic parameters of the unsaturated soil are investigated by using soil from around a nuclear facility in Korea. The effect of hydraulic parameters on radionuclide migration in an unsaturated zone has been analyzed. The higher the value of the n-factor, the more the cobalt concentration was condensed. The larger the value of α-factor, the faster the migration of cobalt was and the more aggregative the cobalt concentration was. Also, it was found that an effect on contaminant migration due to the pore-size distribution index (n) and the inverse of the air-entry value (α) was minute. Meanwhile, migrations of cobalt and cesium are in inverse proportion to the Freundich isotherm coefficient. That is to say, the migration velocity of cobalt was about 8.35 times that of cesium. It was conclusively demonstrated that the Freundich isotherm coefficient was the most important factor for contaminant migration.
KEYWORDS : Hydraulic Parameter, Cobalt, Cesium, Migration, Unsaturated Zone attempted to model the migration of contaminants through variably saturated dual-porosity, dual-permeability chalk [6] . The Korea Institute of Nuclear Safety has developed a simplified approximation method of the multi-compartments model [7] of contaminant migration in an unsaturated zone. The Pacific Northwest National Laboratory has estimated soil hydraulic parameters of a field drainage experiment using inverse techniques [8] . Researchers at the Lawrence Berkeley National Laboratory have studied modeling of mountain-scale radionuclide transport in an unsaturated zone at Yucca Mountain [9] .
In this study, a numerical cord has been developed in order to interpret the radionuclide migration in an unsaturated zone. The pore-size distribution index (n) and the inverse of the air-entry value (α) for an unsaturated zone were measured with the KS M ISO 11275 method. The hydraulic parameters of the unsaturated soil are investigated by using soil from around a nuclear facility in Korea. Also, the effect of hydraulic parameters on radionuclide migration in an unsaturated zone has been analyzed.
DEVELOPMENT OF CONTAMINATANT MIGRATION MODEL FOR AN UNSATURATED ZONE

Water Flow Model in an Unsaturated Zone
The relationship between θ and h is described by the commonly used van Genuchten function [10] , where α is fitting parameter that is inversely proportional to the airentry pressure value, n is a parameter related to the width of pore-size distribution of the medium, and m is a constant that is commonly approximated by m=1-1/n. The Mualem Function [11] yields the hydraulic conductivity function. The unsaturated soil water migration model can be described by Richards' Function (1), and Van Genuchten Function and Mualem Function (2)- (3) as where θ is water content, θr is residual water content, θs is saturated water content h is pressure head, K is hydraulic conductivity
Contaminant Migration Model in An Unsaturated Zone
The contaminant migration model [12] can be described by the following convention-diffusion function (4). 
Outline on Contaminant Migration Modeling in Unsaturated Zone
A soil column with dimensions of 30×30×58 cm was manufactured to verify the contaminant migration model, as shown in Fig. 2 ; this column was filled with soil from around a nuclear facility. A soil surface of 5 cm thickness was artificially contaminated with cobalt and cesium. Rainfall was occasionally injected by nozzle for 55 days, as shown in Table 1 . The measured initial condition for modeling is shown in Fig. 3. 
Hydraulic Parameter Measurement
The soil around a nuclear facility in Korea was used for contaminant migration test; measured hydraulic parameters of the soil are shown in Table 2 . Hydraulic conductivity and contaminant dispersion coefficient were measured through the soil column test, as shown in Fig. 4 . The saturated hydraulic conductivity of the soil was 7.98×10 -4 cm/sec and the contaminant dispersion coefficient of the soil, obtained using the Ogata function [12] [13] , was 3.0 m. The Freundich isotherm coefficients of cobalt and cesium were 0.88 and 7.35, respectively, as shown in Fig. 5 and Fig. 6 .
Measurement of the Pore-Size Distribution
Index (n) and the Inverse of the Air-Entry Value ( α )
The pore-size distribution index (n) and the inverse of the air-entry value (α) for an unsaturated zone were Fig. 7 . The pressure head and the weight of the soil were reduced with time passage, because the water on the soil column surface evaporated. The pressure head and the weight of the soil were measured in hours by tensiometer and balance, as shown in Fig. 8 . θ and h were calculated at the same time using functions (5)-(6) and a relation equation between θ and h was induced. Also, θ and K were calculated at the same time using functions (7)- (8) and a relation equation between θ and K was induced. The inverse of the air-entry value (α) was induced using function (2) and a relation equation between θ and h. The pore-size distribution index (n) was induced using function (3) and a relation equation between θ and K. That is, the measured pore-size distribution index (n) and the inverse of the air-entry value (α) were about 1.5 and 0.05, respectively. 
me : soil weight after test completion θe : water content after test completion
RESULTS AND DISCUSSION
Modeling for contaminant migration in the soil column that was filled with soil from around a nuclear facility in Korea was performed using the developed FTUNS code. The modeling results are as follows. Fig. 9 shows the effect of the pore-size distribution index (n) on cobalt migration. The higher the value of the n-factor is, the more the cobalt concentration along the depth was condensed. Also, the cobalt concentration at a depth of 12m was increased. Fig.  10 shows the effect of the inverse of the air-entry value (α) on cobalt migration. The larger the value of the α-factor is, the faster the migration of cobalt is and the more the cobalt concentration along the depth was condensed. Also, the cobalt concentration at a depth of 12m was increased. Fig. 11 
shows the effect of the pore-size distribution index (n) on cesium migration. The higher the value of the n-factor is, the more the cobalt concentration was condensed. Also, the cesium concentration at a depth of 3m was increased. Fig. 12 shows the effect of the inverse of the air-entry value (α) on cesium migration. The larger the value of the α-factor is, the faster the migration of cesium is and the more the cesium concentration was condensed. Also, the cesium concentration at a depth of 3m was increased. Finally, it was found that the effects of the pore-size distribution index (n) and the inverse of the air-entry value (α) on contaminant migration were both minute. Meanwhile, Fig. 13 shows concentration distributions of cobalt and cesium after rainfall for 55 days. The Freundich isotherm coefficients of cobalt and cesium were 0.88 and 7.35, respectively, and migrations of cobalt and cesium was in inverse proportion to the Freundich isotherm coefficient. That is, the migration velocity of cobalt was about 8.35 times that of cesium. It was conclusively demonstrated that the Freundich isotherm coefficient was a more important factor than the pore-size distribution index (n) and the inverse of the air-entry value (α) for contaminant migration.
CONCLUSION
Modeling for contaminant migration in a soil column that was filled with soil from around a nuclear facility in Korea was performed using the developed FTUNS code. The pore-size distribution index (n) and the inverse of the air-entry value (α) for an unsaturated zone were measured with the KS M ISO 11275 method. The modeling results derived with the FTUNS code are as follows. The higher the value of the n-factor is, the more the contaminant concentration along the depth was condensed. Also, the contaminant concentration at a depth of 12m was increased.
The larger the value of the α-factor is, the faster the contaminant migration was and the more the contaminant concentration along the depth was condensed. It was found that the effect of the pore-size distribution index (n) and the inverse of the air-entry value (α) on contaminant migration were both minute. Meanwhile, migrations of cobalt and cesium were in inverse proportion to the Freundich isotherm coefficient. That is, the migration velocity of cobalt was about 8.35 times that of cesium. It can be concluded that the Freundich isotherm coefficient was a more important factor than the pore-size distribution index (n) and the inverse of the air-entry value (α) for contaminant migration.
